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S« IVB/SATURH V AFT SKIRT STRUCTURAL TEST PLAN

N TRODUCT ION

The S~IVB Saturn V Aft Skirt will be staticelly tested to verify jt¢
structural integrity and strength anslysis by application of the critieal

design loads and environmental conditions,

The S-IVB/Saturn V Aft Skirt, P/N 1A39295, is & cylindrical structure febriceated
of 040 thick cled TOT5-T6 skin reinforced in compression by external hat sece
tion stringers (see Figure 1). 'The assembly is reinforced circumferentislly:

by three intermediste frames, The forward end freme is segrented into six
sections with their flanges extending outwardly for connection with the aft
circular flange of the prdpellsnt tank sssembly, The aft frame sngle extends
invardly for connection with the interstage flange. The aft frare angle ine
cludes sn overlying angle portion having sn snnulsr tension extension whieh is
served by en annular explosive for seperation of the 8- IVB stage from the S«I1I1

stage.
The Aft Skirt Test Program will be divided into two parts,

The first part will be conducted ws a portion of the Ssiura V Aft Interstoge
structural test which is covered in deteil in test plan SM L6917 Revision "A";
The test setup of the firgt part, is illustrated schematiecally in Figure 2.

In this azsembly, the aft skirt will be subjected to axial load, bvending

moment-shear,end pressure parameter tests., In addition, the aft skirt will

experience limit maximm «qg and Yimit MECO losds,

The second part of the test progrem will consist of & bending woment parameter
test, ultimate maximum xq, an elevated temperature parameter test, ultimate
MECO, end failure test. These tests will be performed on the aft skirt, bolted
between a Qumny aft interstage and a dumny propellant tenk, ss illustrated in
Figure 3, The dummy &aft interstage will consist of the forwerd two bays of a
production interstege straipghtened sufficiently to assure sft skirt failure in

the failure test,
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2.0

h,0

ullage ro lpt protubsrances willl be applied.,  Hydrauliec Jacks will be used
to supply the loads., Progran cowc“clleﬁ quartz hert lomps will simulste the
flight termperature envivonment. Pressure differentiel loads will be simulated

by uge of internal pressure jackets.

OBJ FCTIVES

FUCTED IR

1

The primary objective of this test program is to verify the structural integrity
of the S«IVB/Saturn V Afi Skirt vhen qubjectéd to design loads and environmental
conditions. In sddition, Secondary objectives include determinetion of (1)
the separste effects of axial load, bending nmoment end shesr, pressure and
veuperature paremaeters; (2) mexivun structural cepability; (3) location end
mode of failure end (4) validstion of the stress anslysss and methods used

nerease for

[

therein. The secondary objectives are desirsble should loads

future mission requirements.

TEST REQUIRIMREITS AND CRITERIA

The gtatic structural qualification of the S-IVB/Saturn V Aft Skirt is to
comply with the test requirements stated in item A<WTA of the S~IVB General
Test Plan (SM-h1412), The structural integrity of the test specimen will be
verified in accordance with the structural design criteris specified in Douglas

fodel Specificstion DS-2163,

LOADS AND ENVIRONMENT

b1 Geneyel

The test loads and envirohment specified iﬁ this Section are compatidble with
those used in the aft interstage test prog rem and ave applicable to the
S5-IVR/V 501 through 503 stages,

.2 Critical Desien Conditions

The design conditions of meximumerq and main engine cubtoff (MECO) have been

deternined to be the most eritical end as such are the conditions te which




4,2.1 Maxinum ¢ o Condition
Limit Losds

(Reference M-P&VE-SL~9~62)
(Reference MwPiVE-SLw=53-53)

NASA Station 2832

Axial - 1,05 x 10
Moment 6L x 10
‘Shear 102 x 10° b, '> o Rev, "A"

NASA Staetien 27L6.5

Axial 1,05 x 106 In,

Momant 3 X 106
near - 99 x 103 1b,

Limit Pressure Differential

in~lb,

(Reference R«PiVE~SL~202~63)

The limit burst pressure differentials at maxinmunm ¢ g are illusirsted in

”

Figure 4, During the pressure psrameter test, the specimen will be sudjected

b
to both burst and crush pressure @ifferentials. However, during the maximum dq

tests, only burst pressure will be applied. Jfrealysis hagz indicated that this

pressure condition will be most c¢riticel in cordinetion with other meximunmalq

loads,

‘Thermal Environnment 4

(Referenice Figure ;SJthfd‘95

The thermal environment for the maximuma g condition test will be amdbient

temperature.
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Aerodynamic Loads on APS and Ullare Rocket Protuberances

Aerodynamic limit loads on APS and ullsge rocket protubersnces during the

maxinum &q condition ere given in Figures 11 and 12,

4.2,2 Main Engine Cutoff (MECO) Condition

—(Reference MeP&VE-SL=53-63)

NASA Station 2832

Axial Load 1.7 x 106 1b.
Moment 0
Shear 0
NASA Station 27h46.5
. . 6
Axieal Load 1.7 x 10 1b.
Moment ]
Shear 0

Iimit Pressure Differential

(Reference M=AERO=A=89.63)

The pressure differential during the MECO Qoading condition is considered

negligible,

Thermal Environrent

(Reference Figure '5 thru9) .

The thermal environment imposed Quring the ultimate MECO test will simulate
skin temperatures in protuberance induced heating arems end unperturbed areas
of the aft skirt and in the forwvard bay of the durmmy aft interstage for the

maximun heating trajectory.

fond
o




5.0

Aerodynamic Loads on APS and Ullsge Rocket Protubsrances

These loads are negligible during the MECO conditien.

TEST PROCEDURE AND SEQUENCE

The first part of the Aft Skirt Test ss outlined in Section 1.0 will be
conducted as a‘portionAof the Aft Interstage Test Progrem, The test pro-
cedures are contained in the Art Interstage Test Plan (SM-h6917) "A" revision.
Therefore, only the procedure for the secénd part of the Aft Skirt Test is

outlined in this Section,

The test set-up for the second pert of the Aft Skirt Test is schematically
illustrated in Figure 3. The specimen orientation will be ‘such that wmaximum
compression loading due to bending moment will be in line with stringer 58
as shown in Figure 10. This is a departure from the orientation of the skirt
during the first phase of the test vherein moximum compression ceeurs at
stringer 34, Tt will therefore be required to repeat the bending moment
paraneter test to establish the influsnce characteristics of bending moment’

and shear on the skirt in this new orientatione.

‘In the following loading procedures, the increments of loading referred to

will be those for which instrumentation date will be specifically reported,
although data recording will be continuous throughout the test, The primary
purpose of continuous data recording is to ensure that the precise load values
are determined wvhen failureroccurs. Procedures for the monitoring of data

channels from critically stressed components are described in Section 6.

5.1 Preload snd Instrumentation Check

Before initiastion of any formal loading sequence, en instrumenistion calibre-
tion and Jig functional checkout will be performed. The procedure will be
to apply up to but not exceeding 50 percent of any or all limit test loads

specified in 4,2,1 and 4.2.2, except that bending moment, if applied alene,

~will not exceed 25 percent of the limit value specified in 4,2,1,

1h
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5.2 PRending Moment and Shear Parameter Test

Por evaluating parameter effects, bending moment and shear loads will be
pplied to 25 percent of the limit velues specified in h.2.1 in five equal
increments. Structural temperature will remsin ambient. Strain and deflec-

tion data will be recorded at each increment of load,

NOTE: During this and subsegquent portiéns of the test incorporating
bending monent and shear, the shear will be constant slong the
length of the skirt. A shear load of 102,000 lbs, has been
selected as a representative value in order to allow duplica-
tion of the bending moment distribution, limit values of which

are presented in 4,2,1.

5.3 Maximumetq Condition Test - Ultimate TLoads

The loading sequence for the ultimate maximum ¢ condition test shall be as
follows:

a. The axial, bending moment and shear, ullage rocket aserodynamic and
vibration loads (Figure 11),and APS, Condition I, loads (Figure 12)
will be applied simultaneously in 20 percent increments to their limit
values,

b, Holding all loads at limit, burst pressure will be applied in 5 equal
increments to the velues indicgted in Figure k4,

c. With the burst pressure held at 100 percent limit all loads specified
in a. above will be increased in 10 percent increments of limit lecad
to vltimate (140 percent of limit), and held for one minute in this
condition,

d. Axial load, bending:moment and shear, and ullage rocket loads will be
held constant at 140 percent of limit and pressures at 100 percent of
limit, while the APS loads will be decreased in reverse order of the
sequence called for id.&. and c¢. above.

e. AP3, Condition IT, loads indicated in Figure 10 will be applied and
recorded after stabilization at BOvpercent, 100 percent, 110 percent,
120 percent; 130 percent; and 140 percent of their limit velues,
while all other loeds remain at 140 percent and 100 percent re-

spectively as outlined in d&. above,
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f. After flagging of the last increment all loads will be removed,

h M ratisan

NOTE: At all losd increments in a.b. and c. daba will be flagged
and bar charts read and recorded for monitoring, Toad
sequences ¢, and e. will be accomplished as fast as feasible
and the incremental steps held only long enocugh to flag
the data; bar charts will be monitored visually only be over=-

lays with pre-plotted expected strain levels.

5.4 Temperature Parameter Test

To-evaluate parameter effects from the temperatures during the maximum heab-
ing trajectory the aft skirt, duimy aft interstage'and the APS and LH2 feed
line protuberance areas as shown in Figure 13 and 14 will be heated

simultaneously at specified rates to the following skin temperatures:

a. 360° of the entire aft skirt to 258°F (Figure 5) excepting the APS

and LH2 feed line areas described in b, and C.

b. APS areas to 273°F (Figures 6 and 13)

Ce A IJH2

d. 360o of the dummy aft interstage forward bay to 3250 (Figure 7)

The heating, controlled by skin temperature, will be programmed to follow
the maximum heating trajectory rate as shown in Figures 5 through 9.

To simlate temperabture differentials, the areas under the Iﬁé feed line and
chilldown pump fairing and the three stringers directly under the APS units

will be shielded by one inch thick, aluwninum foil covered, fiberglas blarkets,

Time limitation will not ellow recording of bar chart data. Channels of
critically stressed components will be monitored visually by comparison with

pre plotted overlays.

5.5 Main Engine Cutoff (MECO) Condition Test - Ulbimate Loads

The test procedure for the ultimate MECO condition will be as follovs:

a. Axial loading is applied at such a rate thabt limit MECO and the

temperatures specified in Section 5.4 are reached simultaneously

"feed line area to 273°F, and 2u5°F. (Figures 8, 9 and 1k) Rev, "A"
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6.0

et t = 147 seconds if progremmed heeting is initiated at € = 80

seconds et the nmeximum heating trajectory rate.

b, On reaching liwit MECO load snd the specified tenmpszrature, the
temperature is held coustant end the axlal load inmediately
increased to ultimate MECO (140 percent of limit) within 20

seconds,

¢, On reaching the ultimate value the loads gre immediately removed
sfter flagping of dats. Monitoring procedure will be the same
)

as in the tewmperasture pafameter test (Section

5.6 Failure Test

At ambient temperature, axial, bending moment,and shear loads essociated vith

the maximumeq condition will be applied simultensously to 100 percent of

the limit valuss specified in h.2,1., With the

CJ

axnisl losd held censtant ot
the limit value, the bending moment end sheésy willl be continuvouvsly incrassed

until feilure occurs. Instrumentation will be recordzd at 20 pﬂrcenﬁ~inm

crements of limit valves to 100 percent 1iﬁ’t, in 10 percent increments Trom
®
100 percent to 10 percent of liwit end from LU0 percent limit to feilure

-

in 5 percent ircevements. Bar chart dats monitoring is not required for the
1

TEST MONITORING AND QUICK 1L.OOY EVALUATION PROCEDURE

6.1 Monitoring - Bar Charts

Up to 30 data chennels will be monitored from gelected locations on the test
specimen that, by analysis, sre the most cwltxcal end/or will experience the
highest stresses or deflections. Prior to commencing the test; plots of
predicted stress or deflection histories will be prepared. Tn sddition,

fi¢ tests wentioned

[

bar chart overlays will be prepaved for the two spec
below.

Dats will be recorded from the basr charts for a given nurber of loed in-

che totel nurber of increments for a specific test.

be held long encugh to Tecilitele bar chert

R

out, but not to p]ro data, Data will be plo ted on the prepsred

test progresses, except that 17 eny waerplained deviations in dsta sppear,




the test mey be held st s specific lesd increment by the DAC Strenpth Sszcetion
representative. At no fiﬁ~ will the test proceed to the next higher increment

vithout epproval of the DAC Strength Section representative.

’

Thiree DAC Strength Section menbers will be required to ronitor data. during
&ll tests. The Strength Section representative will coordinate -the progress
with the test conductor. During all tests the increments and the msximum load
_shall be held long enough to record the bar chart indications, unless s
modiried monitoring procedure is called for in the Section deseribing the

individual tests,

6.2 Ouick Look Deta Eveluation

The nwmber of days required for Quick Look Evaluation, following receipt of
data from DAC test laborstories, shall be besed on the number of load ine
crerents (dats points) involved in the epecific test. The following items
COﬁpxl the Quick Look Evaluaticn effort thst shouvld be perlormed pricor to

pr@ce ing with the next test

8, PReview gll dats to determine malfunctioning channéls, and report to
DAC test lsborstories as soon as poésible to allow checkout and
corrective action, For those_ch&nnéls that cannot be corrected
without schedule impacﬁg_a DAC Strength Sestion decision will be
necessary as to whether the next test nay proceed without the

diserepant chﬁmnels. N

b. Confirm monitored channel p’nt@ with printout data and corrvect as

NeCessary.

¢. Note eny high sitresses from those channels not monitored, and
invegstigete i they are excessive. Expected levels should be

~prepeisd in advance to expedite review,

6.3 Summary Report to MSFC Representetive

2.

Prioy to pﬂ@*’oﬁing with the next test, the NASA representetive shall be
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T.0

8.0

9!0

1. A summary of the Quick Look Evalustion consisting of one or two

paragrephs vhich will discuss:
() Melfunctioning chemnels and thelr disposition,

(b) Disposition of asny discrepsncies noted on the menitored

channels,

(e¢) Any data levels that would indicate .potential criticsl areas

for subsequant tests requiring higher loads.
(d) Notification of intent to proceed with next test

2, Plots of the thirty (30) monitored chennels compared to the predicted

levels.

Items 1. end 2, above will be cowmbined in e package, with a transmittel slipy

for submitbal to the NASA representative.

INS TR TAT TON

Strain and deflection gages for the aft skirt test are presented in the M

strunentetion Dreving ITO(OQl Revision "F", & copy of which is included in

Appendix Ao Fage 2k, -

TEST PACILITY : ‘ _ b

the test will be conducted &t the Structural Test Lsborestory, Douglas Space
Systems Center, Huntlugton Besach, Californic. A deseription of the feeility
is presented in Appendix B, Page 39.
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Dunny Propulsion Tank Number 1ANGT63 Hew
ATt Skirt Structural Test Setup 1T08826 New

Reference Documents

S-IVB/V Aft Interstage S~-II Interface Structural Test Plan SM L6917
Revision "A", dated 2 May 1966

General Test Plan SM L1L12 Revision date, 18 July 1966

Change Request 717 SM to GIP SM h1bl2 Item A-L7A, dated 30 lMay 1966

“Pouglas Model Specification DS-2163
g gak

MSFC Femorandwn M=PaVE-SI-0-62, dated Hovember 1962
MSFC Memorandum MeP&VE~SL-53-63, dated April 1963

MSFC HMemorandum ReP&VE-SL-202-03, dated October 1663
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APPEIDIX B

!

1.0 STRUCTURES LABORATORY | - | , -

1.1 INTRODUCTION

The'Structﬁ;es Laboratory, at the Douglas Space Systeme Center, ~
ﬁuntingﬁon Beach, California, is designed to ellow Lfor maximum
flexibility, The semi-circular building, 200 feet in dlemeter
| and with a 90 foot cefling, is bullt avownd a centrel hard core
Joad reaction tower, wlthin which are ell the necessary test
equipmenﬁ,'data acquisition system, utilities installations
--mgchine shopé, éngineering ofTices, and other lab support systems.
Spaces in & circular array around fhe tover axe five (5) test
pads, éee Figuie Al end A2. This érouping of the test structures
a;qun@ the central Instrumentalion core offers dis;in; edven-
taggs ih eddition to providing a significant saving in time for
these test yrégrams. Ready access to the entire perimeter of the
building is provided, which allows for {the moving in or out of
test stfuctures ;ithout intexTering wi%h otners already In '_plzr:a,cen{~
This arrengement of test pads means that each one is eqpidistanﬁ 
. from the centrel tower, thus cables are the seme length for.ail

' instrumentation-and.fixﬁures are uniform.

- This ccabination of spacenage»sized'faciliﬁies,_with the many
advantages of the central tower plan, provides oltstanding
cepabilities for imtroducing the structurel conditions of flight

t0o an entire space vehlcle.

- oo . o , o _ Pags L1




1.2 IOAD REACTION CAPACITY -

The 50 feet square by 75 feet high load reaction column is the

energy source for one billion inch-pounds of bending moment and

_ one million pounds of shear delivered singly or in combination

to the specimens under test. Adapters of arny practicel configu-

ration can be attached to the column %o place the force arms of

- . w — . . ‘A . -
the Pramework in close proximity to the test pads. L .

© j—

Supporting the entire laboratory is concrete flooring -= 10 feet

thick -~ capable of reacting eight million pounds of axiel thrust

- load end resistingu 8 bending moment of one billion inch~pounds.

1.3 LOAD APPLICATION

Forces 10 the test specimens are transmitted from the central
reaction column and the floor through hydraulic fension end cGne
y‘ression Jacks or cylinders. FEach ,jacl_s can exexrt forces from a‘
cczpression maximun of 270,000 pounds to a tension maximum -of
200,000 pounds. , A permanently installed comprehensive hydraulie
manifold system exerts 3,000 psi and a 1O gallon pexr mimute flow
rate. Monitoring coﬁtrols distribute the necessexy preésm‘é"&@

the proper axeas.

1.} FLEVATED TRMPERATURE FACILITIES

A primary fumction of the leboratory is the spplicaticn of elew

- vated temperatures, uvp to 3,000°F, to test the thermal behavior

" and characteristics of materlials and assemblies ab envivoments

to be expected under ectual flight conditions. The fecllity will

provide ‘s progremmed enviromment to any structure with verying

" Page M2




1.4 FLEVATED TEMPERATURE FACILITIES (continued)

modes of thermal conditions from steady state to ascending ran-
dom tenperatureg with respect to time. A programmed rate change

o ca s
of 800°F per second can be achieved.

‘Energy 1s delivered at rates up to 150 BIU/sq ft-sec fram the
multiple quértz tube infra-red lamps which are the heal source.

Eignteen units of combined temperature control and power regulation,

+

and nine units of sutomatic programs are available for programing

1

 power to electrical loads such as infra-red lemps or resistance
heating elements. The power copability of this system is reted
at 12,000 KVA for 30 seconds, 10,000 KVA for 5 minutes or 5,000

KVA for continuous service at 600 operating volits. A typical

o= .

test setup 1s shown in Figure A3. SRR

3.5 DATA ACQUISTTION .

The digitel data system of the Structures Laborstory is part

‘ Af the giant cofiputer network centrally located at the-Space

Systems Center. Recorded data fraa test specimens are sent K
through the centrel nervous systen of the center, reduced,

‘“'ahd fed back fo the Structures Laboratéry for readout:apd.

evaluation, - HELIIERPREC e o

Prre U3
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